The National Confidential Enquiry into Maternal Deaths identified "lack of communication and teamwork" as a leading cause of substandard obstetric care. The authors used high-fidelity simulation to present obstetric scenarios for team assessment.
THE Institute of Medicine report entitled
To Err is Human has fueled a compelling movement into patient safety initiatives and the mitigation of human error in medicine. 1 By acquiring an understanding of how medical teams perform, educational strategies can be developed to improve team performance and decrease the likelihood of errors. 2 Evidence from safety research in high-risk organizations has demonstrated that nontechnical skills or behaviors must be studied because these cognitive and social skills have a pivotal role in maintaining safety, especially in critical care areas. [3] [4] [5] Evaluation of nontechnical skills is necessary for the assessment of both individual performances and group effectiveness, as well as to critically appraise the impact of training interventions. Equally important is the study of the evaluation tool and its ability to produce a valid and psychometrically robust measure of these performances. 6 Although behavioral marking systems have been developed for assessment of individual physician behaviors, there are no validated marking systems available for the assessment of obstetric teams. 7, 8 In aviation, safety attitudes of flight crews have been assessed by the Flight Management Attitudes' Questionnaire adapted for application to operating room teams, and referred to as the Operating Room Management Attitudes' Questionnaire (ORMAQ). 9 -12 The ORMAQ has gone through many iterations and is now available for multiple user groups under the title Safety Attitudes Questionnaire.# Both the ORMAQ and the Safety Attitudes Questionnaire have been demonstrated to have acceptable internal consistency and have been used in research studies worldwide. [12] [13] [14] [15] The ORMAQ was created to tap into the general teamwork, communication, stress recognition, and safety concerns of teams and has been used by investigators to develop behavioral tools to assess the individual performance of anesthesiologists and surgeons. It remains unclear to what extent these evaluation tools are domain specific and to what extent they apply to group as well as individual performance. 7, 8 The purpose of this study was to determine whether an adaptation of the ORMAQ, titled the Human Factors Rating Scale (HFRS), and a Global Rating Scale (GRS) could be used to reliably assess obstetric team performance. The HFRS is a lengthy checklist consisting of 45 items used to measure such constructs as leadership, assertion, information sharing, and teamwork. The GRS uses a five-point scale with anchored descriptors to give an overall view of team performance.
Materials and Methods
Research ethics board approval from Sunnybrook Research Ethics Board, Toronto, Ontario, Canada, was received for this study.
Simulation Center
The simulation center was set up as an obstetric operating room and equipped with all necessary gowns, gloves, drapes, and instruments needed to perform a cesarean delivery. An external fetal heart rate monitor was present and provided a fetal heart tone if applied to the abdomen. Digital videography allowed as wide a view of the operating room as possible. Scenarios were videotaped using a video cassette recorder with vital signs superimposed on the image using a video mixer.
A patient chart was available and included prenatal records, nursing partograms, history, physical findings, laboratory data, and relevant consultative notes. Fetal heart rate traces since admission were available and reflected any abnormality that might have occurred.
Laerdal SimMan (Laerdal Medical Canada Limited, Toronto, Ontario, Canada) was used as the patient mannequin. To optimize the realism of the obstetric portion of the scenarios, an obstetric model was constructed that fit over the SimMan abdomen. The model resembled the size and shape of a term uterus, and its exterior was covered with material allowing the obstetricians to make either a vertical or a Pfannenstiel incision and to close the incision once finished. The abdomen could be prepped and draped, and once an incision was made, the fetus or fetuses and placenta could be delivered. The interior of the model had fenestrated tubing through which massive obstetric blood loss could be simulated. Depending on the scenario, blood loss could be minimized using the usual surgical techniques. A urinary catheter could also be inserted into the mannequin and urine output measured.
Scenarios
The National Confidential Enquiry into Maternal Deaths in the United Kingdom was consulted to identify the most frequent events leading to maternal demise. 16 In addition, obstetricians, anesthesiologists, and obstetric nurses from an academic institution were surveyed to determine what obstetric cases would be the most useful to rehearse using high-fidelity simulation. Answers were collated, data from the National Confidential Enquiry into Maternal Deaths were incorporated, and scenarios were developed using the most commonly cited emergency situations. Scenarios commonly involved multiple events requiring management by the obstetric team. Four scenarios were developed and included (1) urgent cesarean delivery for parturient with worsening preeclampsia: critical event involving severe hypertension and pulmonary edema; (2) profound fetal bradycardia secondary to occult abruptio placenta: critical event involving massive blood loss and inability to maintain blood pressure; (3) emergency cesarean delivery in parturient with twin gestation at 34 weeks for umbilical cord prolapse: critical event amniotic fluid embolism; and (4) morbidly obese parturient with nonreassuring fetal heart rate trace; decision to perform cesarean delivery: difficult intubation, hypoxemia, and cardiac arrest. Further details of the scenarios can be found in appendix A.
Measurement Tools
Two primary measurement tools designed to assess team performance in obstetric emergency situations were evaluated in this study:
1. Human Factors Rating Scale: The HFRS is a behaviorally based performance evaluation scale minimally adapted for the obstetric context from the ORMAQ designed by Helmreich. 9, 10, 12 The HFRS contains 45 items related to five themes: leadership-structure, confidence-assertion, information sharing, teamwork, and error. Level of agreement with each statement is made using a five-point Likert scale where 1 ϭ strongly disagree, 2 ϭ slightly disagree, 3 ϭ neutral, 4 ϭ slightly agree, and 5 ϭ strongly agree (appendix B). 2. Global Rating Scale of Performance: The GRS is a performance-based evaluation of overall team performance on the scenario that uses a single five-point rating scale with 1 representing an unacceptable performance, 3 representing an acceptable performance, and 5 representing a superior performance. Descriptive anchors are provided for each scale number and address the issue of error and patient safety (appendix C).
All scenario participants and raters completed a basic demographic questionnaire.
Scenario Participants
All staff obstetricians, anesthesiologists, and obstetric nurses at a single academic institution were invited to participate in the study. Subjects were enrolled on a first-come, first-serve basis and were given information packages about the nature of the study.
External Reviewers
Nine healthcare professionals were recruited to act as external video reviewers. The healthcare professionals were selected because of their expertise in the obstetric environment or as human factors experts. The number of reviewers was predetermined on the basis of available funding to compensate video reviewers for their time.
Procedure
Three independent sessions were held, with each session involving two anesthesiologists, two obstetricians, five obstetric nurses, one obstetric resident, and one anesthesia resident. Each session involved the completion of four scenarios. For each scenario, a team of five or six members was constructed from the set of obstetric nurses, physicians, and residents in obstetrics and anesthesia present. The construct of the teams was achieved using computer-generated random number assignments. Across the four scenarios in a given session, each person participated in two or three scenarios with differently constructed teams.
On the day of the session and after informed consent was obtained, participants were given a 30-min orientation to the simulated operating room, surgical table and instruments, mannequin, drug cart, and anesthetic gas machine. After the orientation was completed, subjects were asked to complete the demographic questionnaire.
After the orientation, the four scenarios were run sequentially. For each scenario, participants were assigned to the team, and one of the nurses on the team was given a short synopsis of the patient problem by one of the investigators without the other members of the team present. The nurse then attended to the patient in the simulated operating room, where the patient's physical findings, including fetal heart rate, were simulated according to the scenario events. The action of the team from the initial introduction of the nurse to the patient was videotaped. While members of the first team independently completed the HFRS and GRS ratings of their own team's performance, the second team managed the second scenario. When the second scenario was completed, these team members completed the HFRS and GRS ratings of their team's performance. Teams were reassigned, and the two final scenarios were completed in the same way. Each scenario lasted approximately 20 min. Immediately after each scenario, participants were encouraged to self-reflect on both their own performance and their impact on the group. After all the scenarios were completed, one of the investigators reviewed one videotape of each team's performance with the participants. Standard crisis resource management techniques were used to debrief the sessions.
After completion of the three sessions, the 12 videotapes (three for each of the four scenarios) were sent to nine raters who independently evaluated the 12 videotaped team performances using the HFRS and the GRS.
Statistical Analysis
The interrater reliability of the HFRS and GRS when used by external raters viewing videotapes of the team performances was assessed for a single rater using intraclass correlation coefficients and for the average of all raters using the Cronbach ␣. In addition, the mean external ratings of performances on the four scenarios were compared using one-way repeated measures analysis of variance.
Similarly, the interrater reliability of the HFRS and GRS when generated as a self-assessment by team participants was assessed for the average of all six team members using the Cronbach ␣. Because each team involved different members, the mean self-generated ratings of performances on the four scenarios were compared using one-way between subjects analysis of variance. In addition for the self-generated ratings, analysis of variance was used to assess the effect of profession on ratings. Finally, self-assessed ratings for each team were compared to the externally generated scores using Pearson product-moment correlation coefficients.
Results
Thirty-four participants, 16 nurses, 6 obstetricians, 6 anesthesiologists, and 6 residents participated in 12 simulations, producing 71 self-generated HFRSs and GRSs for analysis. In total, these numbers represented more than 70% of the physicians involved in obstetric care at a single institution and a cross-section of registered nurses from the same environment with varying years of service, thereby reflecting the usual clinical teams who would normally respond to such events. Nine external raters completed the HFRS and GRS on each of the 12 videotaped performances. Table 1 outlines the means and SDs of the team scores for each of the four scenarios using the HFRS and GRS when generated by the nine external raters.
Across the nine external raters evaluating the videotaped performances, the single-rater intraclass correlation coefficient for the HFRS was 0.341, suggesting that a single rater's scoring of the 12 performances was not highly predictive of any other individual rater's scoring. However, the nine-rater intraclass correlation coefficient (Cronbach ␣) for the HFRS was 0.823, suggesting that the average of nine raters was sufficient to generate a reasonably stable HFRS score for each team performance. The single rater intraclass correlation coefficient for the GRS across the nine raters evaluating the videotaped performances was slightly higher at 0.446, with a nine-rater Cronbach ␣ of 0.879. The Pearson productmoment correlation between the HFRS and the GRS scores for the 12 scenarios (averaged across all raters) was 0.934, suggesting that the two measures were tapping largely the same construct in team performance. Analysis of variance for both the HFRS (F 3,24 ϭ 8.09, P Ͻ 0.01) and the GRS (F 3,24 ϭ 16.89, P Ͻ 0.01) revealed a significant difference in the ratings of performances among the four scenarios, suggesting that for some scenarios, it may be consistently more difficult for a given team to demonstrate effective team performance.
For the scenarios participants' self-ratings of team performance (generated independently by each of the six team members immediately after their team performances), the six-rater Cronbach ␣ for team members' self-assessment scores was 0.15 for the HFRS and 0.74 for the GRS. This suggests that the average of six team members' ratings was moderately stable for the GRS but was problematically low for the HFRS. Similarly, analysis of variance revealed no significant difference between scenarios for HFRS scores (F 3,67 ϭ 0.36, not significant) but a borderline difference for GRS ratings (F 3,67 ϭ 2.93, P Ͻ 0.05), indicating the GRS, but not the HFRS, identified some scenarios as more difficult than others in a manner consistent with the external raters. Analysis of scores by profession indicated that nurses gave significantly higher team scores than physicians on the HFRS (F ϭ 6.26, P Ͻ 0.05) but not on the GRS (F ϭ 2.96, not significant). An analysis of profession-specific subscores on the HFRS revealed no interaction between profession of rater and profession being rated (F ϭ 1.98, not significant), suggesting both groups rated the two professions' performances similarly. Finally, the Pearson correlation between self-generated scores and externally generated scores across the 12 performances was 0.24 for the HFRS and slightly higher at 0.44 for the GRS.
Demographic information is found in table 2.
Discussion
Behavioral marking systems have been used with simulation to provide formative and summative evaluation of individual behaviors that are otherwise difficult to assess. 3, [17] [18] [19] Currently, however, there is no firm consensus on how to measure teamwork, with a lack of empirical data to validate measures. 20 The transformation of an aviation tool to operating room teams (Flight Management Attitudes Questionnaire to the ORMAQ to the Safety Attitudes Questionnaire) has provided the means not only to address team safety attitudes, but to potentially be able to examine team performance using an adaptation of the tool. 9 -12,15 Although the idea of adapting an existing safety attitudes tool to medical teams is an attractive one, this study has raised doubts about the efficacy of the tool in practice. Because the themes of the tool, such as leadership, confidence assertion, information sharing, and teamwork, seem on the surface to be important behavioral aspects of a team's performance, there may have been too many items within each category to allow for a Scores for each of the four scenarios using the Human Factors Rating Scale (HFRS) and Global Rating Scale (GRS) when generated by nine external raters viewing videotapes and by participants self-rating immediately after the team performance.
NS ϭ not significant.
reliable performance assessment tool. Similar findings have been demonstrated in other studies where performance checklists were used. 21 Second, tools developed for aviation may not be transferable to medical domains. As Flin and Maran 17 have pointed out, "it is not sufficient to take aviation training materials and simply delete 'pilot' and replace it with 'nurse' or 'anesthetist.'" Third, it may not be appropriate to adapt evaluation tools from one medical context to another without taking into account key differences that may exist. Obstetric crisis management may be sufficiently unique to require a domain specific evaluation tool.
Self-assessed team scores of the HFRS by participants were not able to reliably assess team performances in that they were unable to discriminate between good and bad performances. Nor were the HFRS self-assessed scores able to identify difficulty of the scenario itself. In addition, discrepancy between rater groups was noticed in that the nurses tended to be more generous with their team self-assessments than physician raters. Similarly, HFRS scores generated by external observers viewing videotapes of the performances required a large number of ratings (nine independent raters) to produce values with reliabilities in the 0.80 range, the range usually accepted as necessary for effective discrimination of performance. Therefore, if one were to try to evaluate team performance on a larger scale, self-ratings using the HFRS would be problematic, and the number of external raters needed to generate reliable scores on the HFRS might very well be prohibitive.
In contrast, the GRS, whether produced by external examiners or self-ratings, was better able to differentiate team performances, was better able to distinguish between scenarios of differing difficulty, and did not demonstrate differences between raters' self-assessments as a function of the rater's profession. Self-generated global ratings were moderately reliable when averaging the six team members' scores (0.76), and when using external examiners watching videotapes, even this simple global scale could achieve reliabilities of 0.8 with as few as six independent examiners. Reasons for these findings include the fact that raters had only one score with which to agree or disagree, and the GRS provided a more consistent method to rate performance in that raters were able to consider the outcome of the exercise as a measure of team performance. In fact, the rating scales may not be measuring similar competence domains. Global rating scales have been shown to be useful assessments of individual performances and could potentially be more useful than checklists for evaluation purposes. [22] [23] [24] [25] The limitation of the global rating scale used for this study lies in its simplicity. To provide valuable feedback, the GRS would not identify areas for team training, unlike a checklist that would allow such definition. Because the debriefing of the team performance is crucial to the learning and safety outcomes, the GRSs would have to be adapted to provide more information on curricular areas to be addressed. Therefore, although potentially useful as a summative evaluation tool, the GRS in this study has limitations in use as a formative tool. If GRSs are to be used as formative evaluation tools, they would have to be expanded to include a few key subcategories that would allow assessors to provide more specific feedback to participants during the debriefing.
The moderate to good reliability of the GRS does raise questions about the lack of reliability in the HFRS. That is, the reliability of the GRS suggests that there are measurable differences between the teams' performances that can be captured by a fairly simple rating scale, so the fact that the HFRS was unable to do so suggests a problem with the scale itself.
Although further adaptation of the HFRS may prove to be reliable, there is sufficient evidence from the results of this study to warrant the development of an HFRS from first principles for assessment of obstetric team performance. Using qualitative analysis of safety attitudes from focus groups as well as expert and nonexpert opinions about behavioral markers demonstrated during the obstetric team management in a simulated environment, lists of behaviors can be generated and categorized for use as human factors performance items. Similar methodology has been used to develop behavioral marking systems for both anesthesiologists and surgeons. 3, 14 In addition, review of the literature may reveal marking systems that have been used, and these can be examined for common themes for inclusion in a newly developed marking system. 5, 26 When a marking system has been developed, it can then be pilot tested on the specific groups to which it will apply in order to assess validity and reliability of the tool.
We chose to use both self-assessments and externally generated assessments of team performance. The ability to critically examine one's own strengths, especially within the context of a team, has been touted as a powerful tool for self-directed learning. 27 There have been some studies that suggest effective self-assessment ability in professionals. For example, self-assessment in simulation-based surgical skills training of novice learners has indicated that self-assessments reflect actual performance. 28 Similarly, a few studies of postgraduate trainees and expert surgeons indicate the reliability of self-assessment to observed performance. 29, 30 In contrast, our findings showed a relatively small correlation between the self-assessment and externally generated assessments of performance when using either the HFRS or the GRS. This fairly small correlation is, in fact, consistent with an extensive body of literature that questions the use of self-assessment as a valid measure of actual performance. [31] [32] [33] [34] Our data, therefore, reinforce the need to use external raters regardless of the measurement instrument being used to assess performance.
Although the investigators could not completely simulate all of the normal occurrences that arise during the development of an urgent or emergent event in the delivery room, e.g., movement of the patient from a labor room to the operating room, the scenarios did involve a "handing" over process or a situation in which the attending nurse was required to summon the team and communicate the sequence of events to others who arrived. Therefore, issues such as leadership and communication, often established during transfer, were still incorporated into the scenario before any specific surgical or anesthetic intervention occurred.
One of the strengths of our study design is the introduction of an obstetric model allowing for a more realistic participation of the surgeons in the simulated scenario. This is the first published report in the literature of a high-fidelity simulation of obstetric team performance with anesthesiologists, nurses, and obstetricians involved in the hands-on management of obstetric crises. Traditionally, the anesthesiologists' simulated work environment has been shown to be a high-fidelity representation, but actors provided the roles of surgeons, nurses, and other medical personnel. This study allowed for genuine interaction between participants from different disciplines and professions.
The findings of this study identify a need for the development of a domain specific behavioral marking tool for obstetric teams. It is our intention to use the findings from this study to develop such a behavioral marking system from first principles and to address the issues of validity and reliability of the newly developed tool.
Backup nurse in the operating room with the shift nurse Backup nurse explains to the shift nurse that she was told by the obstetric staff to take the patient to the operating room for a possible cesarean section due to fetal decelerations Backup nurse leaves 
Scenario 4
Profound fetal bradycardia secondary to occult abruptio placenta: critical event involving massive blood loss and inability to maintain blood pressure Patient in operating room due to vaginal bleeding Nurse in room with patient Profound fetal bradycardia Anaesthesia and obstetrician called (staff and resident) Anaesthesia resident arrives first and starts the general anesthetic (must start right away due to profound fetal bradycardia)
Obstetrician arrives (obstetric resident doesn't arrive, in another cesarean section) General anesthetic started Preinduction vitals: blood pressure 110/50, heart rate 130 beats/min Postinduction vitals: blood pressure 90/60, heart rate 140 beats/min Cesarean section begins Massive blood loss Blood pressure 60 systolic Obstetrician calls for backup but will take 20 -30 min to arrive Nurse calls blood bank for cross and type 4 units of blood Ongoing blood loss Blood not coming; nurse calls blood bank and discovers that the porter has left with the blood but has not arrived
